Marker development and linkage mapping
The linkage map was constructed on a backbone of randomly distributed anonymous amplified fragment length polymorphism (AFLP) markers, supplemented with genes, bacterial artificial chromosomes (BACs), and the carbonaria 'visual mutant'. Genes (Table  S1) were obtained primarily as mRNA coding sequences either from a transcriptome library or with gene-specific degenerate primers using cDNA as template, following the methods described in (10). Single nucleotide polymorphisms (SNPs) and insertiondeletions (indels) were used to position the genes on the linkage map. The polymorphisms were usually found within introns, exons, or UTRs, and occasionally in end-sequences of BACs that include the gene (details in Table S1 ). Genotyping followed the procedures of (10) using the primers in Table S1 . The identity of genes was verified with blastx searches against GenBank, and the position of orthologous genes in B. mori was established by blastx against SilkDB (22) (Table S1 ). Because the current version of SilkDB (V2.0) contains gene-prediction errors and genes that are not annotated, the SilkDB blastx results were verified with tblastx (against the genome assembly rather than the annotated genes).
AFLP markers were generated with procedures modified from (23), using both MseIEcoRI and HhaI-EcoRI restriction enzyme combinations and two selective nucleotides at the four-cutter end. In Lepidoptera, linkage mapping with dominant AFLPs needs to resolve both the inability to distinguish AFLP heterozygotes from dominant homozygotes, as well as a lack of positional information from maternal alleles due to the absence of recombination in female . To avoid these issues, the approach for LG17 was to include only markers that were inherited from a heterozygous father and a homozygous (AFLP-recessive) mother (Male Informative (MI) markers). AFLP markers for which both parents were heterozygous (Both Informative (BI) markers), or for which only the mother was heterozygous (Female informative (FI) markers) were sequenced and assigned to BAC clones which provided co-dominant polymorphisms that replaced the original dominant markers. The linkage map was generated with Joinmap 4 (Kyazma, Wageningen, NL) based on high quality co-dominant BI markers and MI markers alone. The maternal inheritance pattern in Lepidoptera is fixed per chromosome regardless of marker position due to the absence of recombination in females. This chromosomespecific inheritance pattern was used to identify and remove the maternal component of the co-dominant BI markers, leaving a segregation matrix that consists exclusively of MI backcross information.
Isolation and extension of the original carbonaria-linked AFLP One AFLP (mAGeACG178) that mapped to within 1cM of the carbonaria locus was sequenced and an internal indel polymorphism produced the same segregation pattern as the original AFLP, thus confirming that the correct amplicon was obtained. The short (157 bp) sequence was extended to generate a probe for hybridization screening of a BAC library filter, which was used before PCR-based BAC identification was available for Biston (5X BAC library and screening tools were produced by Amplicon Express, Pullman, USA). A modified gene walking approach (27) was developed consisting of the following steps: restriction of genomic DNA (for recognition sites not present in the AFLP sequence, using six rather than four-cutters), ligation of a double-stranded adaptor (GW_adaptor), and hotstart PCR using one adaptor primer and one specific primer within the known AFLP sequence. As the adaptors are not phosphorylated, only one strand is covalently bound to the restriction fragment; the other strand is held in place by complimentary base-paring and falls off during the hot-start, before the polymerase has a chance to repair the nick. This results in single stranded fragments that have adaptor sequence at one end only (the 5' end of both strands), preventing the amplification of the entire population of fragments. Two separate PCRs are needed to extend the fragment in both directions with specific primers pointing in opposite directions.
Restriction and ligation were performed in one step in a volume of 25 μL: ~200 ng genomic DNA, 1X NEB restriction buffer, 10 units restriction enzyme, 1 mM ATP, 0.1 μg/mL BSA, 10 mM DTT, 0.25 μM GW_adaptor, and 400 units T4 DNA ligase. The reaction was incubated at 37°C for 1 hr, 16°C for 1 hr, and 37°C for 30 min. The restriction enzymes used were BamHI, XbaI and PstI; adaptor sequences are listed in Table S2 . Success of restriction-ligation was established by control PCR using standard Taq DNA polymerase (which repairs nick) and GW_adaptor1 as the only primer (see Table S2 ), expected to amplify all fragments. Gene walk PCR in 20 μL used 1 unit AmpliTaq Gold DNA polymerase (Applied Biosystems, Foster City, CA, USA), 1X ABI GeneAmp buffer I, 250 μM dNTPs, 0.5 μM GW-adaptor1, 0.5 μM AFLP-specific primer, and 3 μL diluted ligation (25 μL ligation made up to 100 μL with water). Thermocycle for gene walk PCR was 95°C for 10 min, followed by 30 cycles of 94°C for 20 s, 60°C for 20 s, 72°C for 30 s, and final 72°C extension for 5 min. Success of this technique is influenced by the stochastic distance between restriction site and the AFLP-specific primer. A long-range Taq hot start polymerase may be required when the interval exceeds the AmpliTaq Gold range. Alternatively, different restriction enzyme/adapter combinations may be used (e.g. HindIII, Table S2 ).
BAC tile path construction
The 2.1 kb extended mAGeACG178 sequence was used to generate a 32 P-labelled probe to screen the BAC library. The two BAC clones identified with this carbonaria-linked AFLP derived probe provided the starting point for constructing a BAC tile path of the wider carbonaria region. To extend the tile path, the BACs were first end-sequenced using standard Sanger sequencing with 100 thermal cycles. Primers were designed within the end-sequences, avoiding known repetitive regions (e.g. transposons), and these primers were then used for superpool and matrixpool PCR identification to obtain the additional partially overlapping BACs. The orientation and order of BAC-ends was determined with combinatorial PCR, which is an all-against-all comparison using the BACs as PCR template for all end-sequence primer pairs. This also conveniently filters out all false positive clones, because their end-sequencing primers only produce amplicons with themselves as template. The length of the minimum tile path, consisting of eight BACs, was estimated on the assumption that the selected BACs were at the upper range of the BAC length distribution in our library (i.e. ~180 kb). The sequence represented in Figure 2 was extended beyond the leftmost end of the tile path to include trehalase 1B, which was predicted to be approximately 50 kb from the starting point of the tile path, based on homology with B. mori and complete co-segregation with the nearest tile path marker (mAGeACG178) in both mapping families.
Cytogenetic procedures
Mitotic and meotic chromosomes were obtained from testes of diapausing pupae originating from a cross between a typical female (Scotland) and a typical male (Devon). Spread chromosome preparations were made essentially following the procedure described in (28). Briefly, gonads were dissected in physiological solution, swollen for 10 min in hypotonic solution (83 mM KCl and 17 mM NaCl), fixed for 15-30 min in Carnoy's fixative (ethanol, chloroform, acetic acid, 6:3:1), dissociated in 60% acetic acid, and spread on the slide using a heating plate at 45°C. Then the preparations were passed through an ethanol series (70%, 80%, and 100%; 30 s each) and stored at -80°C until further use. Shortly before use, selected preparations were removed from the freezer, dehydrated in the graded ethanol series, and air-dried.
Bacterial artificial chromosome (BAC) probes for fluorescence in situ hybridization (FISH) were prepared as follows. BAC-DNA was extracted with the BACMAX™ DNA Purification Kit (Epicentre Biotechnologies, Madison, WI, USA), amplified using illustra GenomiPhi HY DNA Amplification Kit (GE Healthcare Life Sciences, Milwaukee, WI, USA), and labeled with a fluorochrome, either Amersham Cy3-dUTP (GE Healthcare UK Ltd., Buckinghamshire, UK) or Green-dUTP (Abbott Molecular Inc., Des Plaines, IL, USA), using a Nick Translation Mix (Roche Diagnostics GmbH, Mannheim, Germany). Two-color BAC-FISH was carried out following the procedure described in (29) with some modifications. The probe cocktail for one slide (10 μl; 50% deionized formamide and 10% dextran sulphate in 2X SSC buffer) contained 1.2 μg of labeled BAC-probes, 5 μg of unlabeled sonicated gDNA (extracted from B. betularia male by standard phenolchloroform procedure) used as a species-specific competitor, and 25 μg of sonicated salmon sperm DNA (Sigma-Aldrich, St. Louis, MO, USA). Three different BAC probes were mixed in each cocktail as follows: (1) 300 ng Cy3-labeled BAC, (2) 300 ng Greenlabeled BAC, and (3) 600 ng two-color labeled BAC (300 ng Cy3-labeled and 300 ng Green-labeled). The probe cocktail was denatured at 90°C for 5 min. Denaturation of chromosomes was done at 68°C for 3.5 min in 70% formamide in 2X SSC. The preparations were hybridized with the probe cocktail for 3 days at 37°C. Then the slides were washed for 5 min in 0.1X SSC containing 1% Triton X-100 at 62°C and for 5 min in PBS buffer containing 1% Triton X-100 at room temperature. The chromosomes were counterstained with 0.5 μg/ml of DAPI (4',6-diamino-2-phenylindole; Sigma-Aldrich) and mounted in antifade based on DABCO (1,4-diazabicyclo[2.2.2]-octane; Sigma-Aldrich) as described in (26).
BAC-FISH preparations were observed in a Zeiss Axioplan 2 microscope (Carl Zeiss, Jena, Germany) equipped with appropriate fluorescence filter sets. Black-and-white images were recorded with a cooled F-View CCD camera and captured separately for each fluorescent dye with AnalySIS software, version 3.2 (Soft Imaging System GmbH, Münster, Germany). The images were pseudocolored (light blue for DAPI, green for Green-dUTP, and red for Cy3-dUTP) and superimposed with Adobe Photoshop CS4, version 11.0. Chromosome 17 lengths and physical distances between hybridization signals of BAC probes were measured using polygon length function of the AnalySIS software. For the measurements, we used digital images of well-spread pachytene spermatocytes captured at 63x magnification.
Population sample genotyping and linkage disequilibrium analysis
We examined the pattern of association between the mapped candidate region and melanism by genotyping a sample of 64 wild moths (32 carbonaria and 32 typica) for six SNPs sparsely distributed along the length of the constructed BAC tile path (primers in Table S3 ). The moths were collected at two localities in the vicinity of Leeds, Yorkshire (Middleton Park and Kirklees Hall) in 2002. The SNPs occur within sequences originally characterized through BAC-end sequencing as part of tile path construction. SNP genotypes were obtained by Sanger sequencing and, in four out of the six loci, were corroborated by closely linked genotypes within the same sequence. Positions of marker loci were estimated based on the size distribution of BACs in our library and the distances between orthologous genes in B. mori.
Owing to the reduced integrity of DNA for UK-wide samples (derived from museum and private collections), SNP primers had to be re-designed to amplify fragments ideally no greater than 150 bp (Table S3) . Amplification success for UK-wide samples was >95% for all loci except for locus d, which had lower amplification success (75% of the sample) due to repetitive sequence preventing the design of a sub-150 bp PCR.
The null hypothesis, 'morph type is independent of SNP marker genotype', was tested for each locus, separately in the Leeds and UK-wide samples, by means of a G-test (log-likelihood ratio statistic) computed using a Markov chain algorithm as implemented in Genepop 4.0 (30). The magnitude of linkage disequilibrium was estimated by D', a standardized measure which takes into account differences in allele frequencies among loci (12). For the purposes of measuring the association efficiently, the genotyped sample was balanced between the two morphs, but this does not reflect their relative abundances in the population and it was therefore necessary, in order to meaningfully calculate D', to proportionally increase the abundance of typical genotypes to reflect the true frequency of typicals at Middleton Park and Kirklees Hall in 2002 (0.60). The genotyped typical sample is sufficiently large (particularly bearing in mind that each typical moth represents two S5 typica copies) that extrapolation of genotype frequencies will have introduced minimal error (the bar charts in Figure 2 show the uncorrected data).
As the carbonaria allele is dominant to typica, the genotype of carbonaria individuals at the unknown morph-determining locus cannot be unequivocally inferred from the phenotype as with typicals. Instead we assumed that carbonaria individuals homozygous for the repulsion phase marker allele, or heterozygous, were all morph locus heterozygous (i.e. c/t); whereas for coupling phase homozygotes we conservatively assumed that they were c/t, except for a small number (3) predicted to be c/c on the basis of Hardy-Weinberg equilibrium. The frequency of multilocus haplotypes for the core region (loci b, c and d) was inferred from the reconstructed morph-marker haplotypes using the combined Leeds and UK-wide sample (average number of sampled haplotypes across the three loci was 90 and 238 for carbonaria and typica alleles, respectively). These frequencies are consistent with the observed proportions of multilocus homozygotes.
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